Galectin-3 is a galactose-binding lectin that has been found in several mammalian tissues. Galectin-3 gene is expressed in a wide range of normal and tumoral cells. In the case of myeloid cells, its expression correlates with the differentiation of monocytes to macrophages. In the case of cancer cell lines, its expression correlates with tumorigenicity and metastatic potential. The regulation of the expression of this gene is still largely unknown. The rabbit galectin-3 gene has been isolated and characterized. Its structure revealed an organization similar to that of the murine galectin-3 gene. The genomic sequences located upstream from its 5' end, upon insertion upstream from a promoter-free reporter gene, exhibited a strong promoter activity. This activity was upregulated upon treatment of transfected smooth muscle cells with phorbol 12-myristate 13-acetate (PMA) as well as upon transfection with a EJ/ras encoding plasmid. Conversely, it was downmodulated upon transfection with wild-type p53 but not with mutated p53. The regulatory sequences involved in the positive regulation of the gene were located upon serial deletion experiments.
Introduction
Galectin-3 is a member of the family of (3-galactose-binding lectins named galectins (Barondes et al., 1994a,b) . While the precise function(s) of galectin-3 remains undetermined, the protein appears clearly to be involved in cell-cell and cellmatrix adhesion, in cell proliferation and differentiation (reviewed by Hughes, 1994) . Galectin-3 gene is expressed in a wide range of neoplasms and its expression correlates with tumorigenicity and metastatic potential of cancer cell lines (Irimura et al., 1991; Nangia-Makker et al., 1995) . In normal quiescent mouse 3T3 fibroblasts expression of galectin-3 is low and increases when cells are stimulated with serum growth factor (Moutsatsos et al., 1987) . In the case of K-1735 melanoma cells, expression of the lectin seems to be associated with differentiation . However, the factors involved in the regulation of galectin-3 expression are still largely unknown. Recently, the mouse galectin-3 gene has been described (Gritzmacher et al., 1992) , but no extensive work has been documented concerning the regulatory sequences of the gene. In addition, an internal promoter localized in the second intron of the human galectin-3 gene has recently been isolated, but its relation with the regulation of the gene remains unknown (Raimond et al, 1995) .
Factors involved in proliferation, migration, adhesion, and differentiation of vascular smooth muscle cells (VSMC) in the artery wall play a major role during atherosclerosis development In this respect, we have developed immortalized rabbit VSMC lines (Nachtigal et al, 1990; Legrand et al, 1991) . Recently, we have been studying the expression of different lectins in these cell lines and among them have found the soluble lectin galectin-3. In the present article, we describe the isolation and the organization of the rabbit galectin-3 gene. The genomic sequences located upstream from the 5' end of the galectin-3 cDNA, when inserted upstream from a promoterfree reporter gene exhibited a strong promoter activity. Several oligonucleotidic sequences within this region were recognized as transcription activators of eukaryotic genes. The promoter activity of this region was upregulated upon treatment of smooth muscle cells by PMA and upon transfection with a EJ/ras encoding plasmid, was downmodulated by wild-type p53, but was not effected by mutated p53. A region of the regulatory sequence, evidenced by deletions, appeared to be involved in the positive regulation of the gene.
Results

The galectin-3 gene is unique in the rabbit genome
Southern blot analysis of rabbit genomic DNA was performed using a rabbit galectin-3 cDNA probe. A single band was detected upon BamHI digestion independently of stringency conditions ( Figure 1 ). This strongly supports that the gene, as the murine (Gritzmacher et al., 1992) and human (Legrand et al., unpublished observations) counterparts, is unique in the rabbit genome. EcoRl and BstXI digestions exhibited two and four bands, respectively.
Isolation of the rabbit galectin-3 gene
A rabbit genomic DNA cosmid library was screened using the rabbit galectin-3 full-length cDNA as a probe. Five clones have been isolated after three rounds of sequential screening. The gel electrophoresis profiles of EcoRl digestions of these clones indicated that the size of the inserts was between 35 and 40 kb. Hybridization of these fragments with the full-length cDNA revealed two bands, the size of which corresponded to those detected by Southern blotting of the genomic DNA (data not shown), confirming that the five clones contained the rabbit galectin-3 gene. The clone pGC22P was chosen for further analysis. The positions of EcoRI, BamHl, and Xbal sites were determined on the insert and the exons were positioned relatively to these restriction fragments after probing with synthetic oligonucleotides (Figure 2 ). The size of the region overlapping the exons and the introns was 7 kb. The 5'-flanking region represented about 15 kb, and the 3'-fIanking region was about 13 kb. The fragments produced upon digestion of pGC22P with EcoRI were subcloned into the unique EcoRI site of pCRII. Partial sequencing of these clones revealed the exact position of each intron within the coding sequence. The splicing sites were generally in accordance with the consensus sequences: 5'-AG/GT(A/G)AGT-3' for the donor site and 5'-(T/ C)»n(CVT)AG/G-3' for the acceptor site (Figure 3 ). The approximate sizes of the introns of the rabbit galectin-3 gene were determined by gel electrophoresis. Introns 1, 2, 3, 4, and 5 were 2 kb, 0.55 kb, 0.8 kb, 1.0 kb, and 2.2 kb respectively. The sizes of these introns were shorter than their murine gene counterparts except for intron 5.
Ba E Bs
We have previously determined by primer extension analysis the presence of several putative transcription start points (tsp) (Gaudin et al., 1995) . Among the different tsp, two of them account for the production of most of the galectin-3 mRNA. Determination of the sequence enabled to locate precisely these two sites. The major site was designated PI (position + 1), and a second site was designated P2 (position -72) (Figure 4) . Consequently, the sizes of the first exon in the mRNA initiated from PI and P2 were 134 bp and 206 bp, respectively. The sequences 5'-CCCAGCCCC-3' (position -151-61) spanning the distal transcription site and 5'-CGCACCTCT-3' (position +84/+92) were homologous to the c a n o n i c a l initiator (Inr) consensus sequence 5 ' -(Py) ? CA(Py)5_3' (Corden et al., 1980) . The second exon of the rabbit gene was 22 bp long; it contained 4 bp from the 5'-UTR of the mRNA sequence and 18 bp encoding the first six amino acids (aa) of the protein, including the initial methionine. Exon 3 (300 bp) encoded 100 aa (7-106). The corresponding exon in the murine gene was longer (366 bp). This region encoded for the repetitive domain of the protein which exhibited variability among mammalian species (Herrmann et aL, 1993) . Exon 4 (89 bp), exon 5 (165 bp), and exon 6 (156 bp) encoded 30 aa (107-136), 55 aa (137-191) , and 51 aa , respectively. Sequencing of a clone spanning exon 6 enabled to locate the polyadenylation signal AATAAA 130 bp downstream from the stop codon TAA (Figure 2 ).
The complete sequence of the 2107 bp localized upstream from the first exon, assigned GenBank accession number U68179, was reported in Figure 4 . This sequence contained neither a TATA box nor a CCAAT box. Alignment of this sequence with the corresponding mouse gene 5'-flanking region did not reveal significant homology upstream of the putative transcription start sites. However, the rabbit galectin-3 gene appeared to be richer in GC in the region of transcription initiation, providing many potential binding sites for nuclear proteins that recognize GC-rich sequences, especially Spl (Gidoni et al., 1984) . Indeed, the region of the promoter that extends from -159 to +47 contained 16 elements (Figure 4 ) with at least 80% identity to the consensus Spl-binding site (Briggs et al, 1986; Kadonaga et al., 1987) , and six of the elements were at least 90% identical. Some of these elements overlapped. Attempts to amplify this GC-rich sequence by PCR using primers located upstream and downstream from this region failed. The GC-rich sequence may block DNA polymerase, probably by forming a very stable secondary structure. In a previous report, we have shown that the rabbit galectin-3 cDNA, despite the use of the 5'-RACE method, was shorter than expected with regards to the primer extension analysis (Gaudin et al., 1995) . The repeated attempts to clone the complete cDNA probably failed as a consequence of the presence of this GCrich sequence preventing an efficient cDNA cloning. Several consensus sequences for gene expression modulators were also localized by using the TRANSFAC database. AP-1 consensus sequence 5'-(G/C)TGACT(C/A) A-3': positions -2023 A-3': positions - /-2016 A-3': positions - , -1923 A-3': positions - /-1916 A-3': positions - , and -1573 A-3': positions - /-1566 A-3': positions - (Lee et al., 1987 ; AP-2 consensus sequence 5'-(C/T)C(G/C)CC(C/A)N(G/C) 3 -3': positions -1750/-1741, -236A-227, and +67/+76 (Imagawa et al, 1987) ; ApoE sequence: 5'-(G/C)(G/C)CCCCAGNNTC-3' position -353/-342 (Smith et al, 1988) .
Promoter activity
In order to assess the putative promoter activity of the 5'-flanking region from the rabbit galectin-3 gene, the first 4.5 kb upstream from the coding sequence was subcloned into a promoter less luciferase plasmid to produce the plasmid pPG3.5 ( Figure 5 ). This plasmid was transfected into rabbit VSMC Rb-1 cells (Nachtigal et al, 1989) . The luciferase activity detected upon transfection with the pPG3.5 plasmid was about die same as that one obtained with pSV2-Luc plasmid, a control plasmid in which the luciferase gene expression is driven by the SV40 early region promoter ( Figure 5 ). This indicated that the promoter of the rabbit galectin-3 gene was included in the isolated 4.5 kb fragment. When these sequences were inserted in a reverse orientation within pPG3.5R plasmid, the luciferase activity was weak, close to the background level produced by the promoter less luciferase plasmid.
A series of deletions was performed in pPG3.5 in the 5'-flanking sequence of the galectin-3 gene ( Figure 5 ). Upon removal of sequences included between about -4500 bp and -2540 (plasmid pPG3dK) or -2459 (plasmid P PG3dJ) and transfection of Rb-1 cells, the promoter activity was reduced to about 75% ( Figure 5 ). Removal of sequences down to -1427 (plasmid pPG3dA) reduced further the promoter activity to about 40%. These results suggest that the promoter of the galectin-3 gene contained positive regulatory elements located in the deleted sequences. One positive element, which would account for 25 % of the promoter activity, can be ascribed to the Bgttt fragment (position about -4000 to -2540). . The synthetic oligonucleotides used as probes for exon localization are: *A, Gal-Ra24 (exon 1); *B, Gal-Ral5 (exon 2); *C, Gal-Ra242 (exon 3); *D, Gal-Ra376 (exon 4); ,*E, Gal-Ra500 (exon 5); *F, Gal-Ra634 (exon 6). p22E35 is a subclone of pGC22P containing a EcoRl fragment inserted into pCRH. The Nhe\ fragment of this plasmid was introduced into a luciferase reporter plasmid to produce the vector pPG3.5 for testing the promoter activity.
ond one, which would account for about 35% of the promoter activity, can be ascribed to the BamYQ-Pstl fragment (position -2459 to -1427). Further deletions between -1427 to -7 (plasmids pPG3dB, pPG3dC, pPG3dD, pPG3dE, and pPG3dF) had no significant effect on the activity previously observed with pPG3dA ( Figure 5 ). The removal of the major transcription start PI site and all potential Spl-binding sites, except one, in the plasmid pPG3dG (deletions -1427/+42) reduced the activity to less than 20% ( Figure 5 ). However, this low activity is well above the background level. This suggests that sequences downstream from position +42 were sufficient to drive a basal activity. This basal activity could be driven by transcription initiation at minor sites localized downstream from the major tsp PI (Gaudin et al, 1995) . As noted above, the putative initiator located at positions +84 to +92 could represent such an element ( Figure 4 ).
Modulation of the galectin-3 gene promoter by PMA
The 5'-flanking region of the rabbit galectin-3 gene contained several putative binding sites for AP-1 and AP-2. Because these two factors are known to mediate the transcriptional response to phorbol esters (Imagawa et al., 1987; Lee et al., 1987) , the ability of PMA to modulate transcription from the galectin-3 promoter was investigated. RbP-Luc7 cells which Fig. 4 . Sequence of the 2097 bp located upstream from the exon 1 of the rabbit galectin-3 gene assigned GenBank accession number U68179. The arrows indicate the two major putative transcription start points (tsp) PI and P2 previously described (Gaudin et al, 1995) . Putative Spl-binding sites are underlined, and initiator elements (nt -151-61 and +84V+92) are represented by lowercase letters. Putative transcription regulatory elements AP-1, AP-2, and ApoE are boxed.
Donor sequence
are Rb-1 cells stably expressing the luciferase gene under the control of the galectin-3 promoter were treated 24 h with 25 nM PMA. This concentration was found to be optimum from preliminary experiment with a concentration range between 1 to 1 nM (data not shown). The luciferase activity in these cells was 3-fold higher than in the untreated cells ( Figure 6A ). To rule out the possibility that the increase in the transcriptional activity of the galectin-3 promoter in PMA-treated RbP- Iuc7 cells was not due to a general enhancement of transcription, PGK-1 promoter (Adra et al., 1987) was used as a control. The PGK-1 gene is a ubiquitously expressed housekeeping gene whose promoter does not contain phorbol esters responsive elements. Treatment of L2D cells (Rb-1 cells expressing the luciferase gene under the control of PGK-1 promoter) with PMA, did not enhance the luciferase expression. Therefore, the enhanced luciferase activity in PMA-treated RbP-luc7 cells was due to a specific action at the level of the galectin-3 promoter.
Modulation of the galectin-3 gene promoter by mutated c-Ha-ras and wild type p53
Rb-1 cells transiently cotransfected with pPG3.5 and pEJras, a plasmid encoding EJ/ras, an active mutated form of c-Ha-ras, exhibited a 3-fold higher luciferase activity than cells cotransfected with pPG3.5 and the control plasmid pGEMHZf(-) ( Figure 6B ). These results, together with those observed upon PMA treatment suggested that Ap-1 and/or Ap-2 elements played a role in the upregulation of the promoter activity of the galectin-3 gene. Because p53 gene is frequently damaged in tumor cells and because galectin-3 gene expression is modulated during tumoral progression, we were interested to determine the sensitivity of the promoter from the rabbit gene to the p53 status. Rb-1 cells were cotransfected with pPG3.5 and pc53SN3, a plasmid encoding the human wild type p53. The luciferase activity was nearly abolished; conversely cells cotransfected with pGEMHZf(-) in place of pc53SN3 ( Figure 6C ) expressed actively the reporter enzyme. The downregulation upon transfection with wild type p53 cannot be assigned to a general decrease in transcriptional activity because, under the same conditions, wild type p53 had no effect on the CMV promoter activity. When Rb-1 cells were cotransfected with pc53SCX3, a vector encoding a mutated form of human p53, the downmodulation effect was not observed. This downmodulation was also observed when the deleted vectors pG3dA, pG3dF, and pG3dG were used in place of pPG3.5 ( Figure 6D) . However, the luciferase activity was about 2-fold higher than with pPG3.5 indicating that the promoter activity was more sensitive to p53 when the sequences between -4500 and -1427 were present.
Discussion
The regulation of galectin-3 gene expression is not known yet. Although the expression of the galectin-3 gene appears to be tightly regulated, the mechanisms involved in this regulation had not been established. To shed light on them, we have undertaken the cloning of the promoter of the rabbit galectin-3 gene. Southern blot analysis indicated that the gene was unique in the rabbit genome. Cloning of the rabbit galectin-3 gene revealed a general organization similar to that of the murine galectin-3 gene (Gritzmacher et al., 1992) . Six exons were separated by five introns, the second exon containing the ATG start codon. In rabbit cells, primer extension analysis revealed the production of two major mRNAs different from 71 nt (Gaudin et al, 1995) . These mRNAs could result from transcription initiation at two different sites named PI and P2 (Figure 4) , which, given the primer extension analysis data, could account for the production of 60% and 20% of the total mRNA, respectively. A process of alternative splicing of a single mRNA initiated at site P2 could also explain these observations. Such a process has been evidenced within the 5'-UTR of the murine galectin-3 mRNA precursor, resulting in the production of two mRNA different from 27 nt (Gritzmacher et al, 1992) . However, deletion of a fragment containing the P2 site in the rabbit galectin-3 gene did not reduced the promoter activity (plasmid pPG3dF, Figure 5 ). In addition, no consensus signal for 3' splicing site putatively accounting for the production of differently sized mRNA by alternative splicing could be evidenced downstream from P2. Consequently, the two major mRNAs could not be initiated at the same P2 site. It is unlikely that alternative splicing occurred in the rabbit gene, this phenomenon could be restricted to the murine gene.
Characterization of the 5'-flanking region of the rabbit galectin-3 gene revealed that the promoter was embedded in a GC-rich region lacking any canonical TATA or CCAAT elements but containing multiple sequence elements homologous to the consensus binding site for the transcription factor Spl. This reveals a difference with the murine galectin-3 gene in which only one Spl binding site can be found (Rosenberg et al, 1993) . A similar organization was observed in several TATA-less and CCAAT-less promoters such as in the rat transforming growth factor a (TGF-a) gene (Chen et al, 1992) , the hamster dihydrofolate reductase (DHFR) gene (Azizkhan et al, 1986; Mitchell et al., 1986; Blake et al, 1990) , the rat insulin-like growth factor-binding protein-2 (IGFBP-2) gene (Boisclair et al., 1993) , the human KB cell folate receptor gene P4 (hFR-KB P4) (Saikawa et al., 1995) , and the human CD14 gene (Zhang et al, 1994) . For these genes, Spl binding sites are necessary for full promoter activity, start site utilization and initiation of transcription. The promoter of the rabbit galectin-3 gene appears clearly to be part of this family of gene rich in Spl binding sites. However, the function of these multiple potential binding sequence elements for Spl remains to be further investigated. It is likely that all potential Spl-binding sites are not equally involved for full promoter activity. Particularly, the experiments described in Figure 4 indicated that deletions of the Spl-binding sites upstream of the major transcription initiation site did not modify the basal promoter activity of the rabbit galectin-3 promoter. The functional Splbinding sites could be restricted to those in the 5'UTR of the first exon.
The 4.5 kb 5'-flanking region of the rabbit galectin-3 gene, when fused to a luciferase reporter gene, exhibited a strong promoter activity in rabbit smooth muscle cells Rb-1. The luciferase production was as high as that one obtained with the SV40 large T antigen early promoter. Progressive deletions within this region indicated that the sequences downstream position +42 were sufficient to drive a basal transcription activity while the 5'-flanking region including all major tsp PI and P2 was removed. This basal promoter activity could be related to the presence of a consensus sequence for an initiator element (Corden et al, 1980) in position +84/+92. Indeed, this initiator element colocalized with a minor transcription site detected by primer extension analysis (Gaudin et al, 1995) . These results, together with the fact that several Spl and an Ap-2-binding site can be found within the first exon, raised the question of the presence of several independent regions within the galectin-3 gene able to drive promoter activity. The galectin-3 is known to be produced in several tissues (Crittenden et al., 1984) . However, it cannot be considered as a housekeeping gene because it is not expressed in all tissues and cell types which suggest a tight regulation. The presence of several independent promoter elements could be related to this problem of differential expression. Some transcriptional elements could be implicated for promoter activity in specific cell types or in specific steps of embryogenesis. Also, it is noteworthy to note that the human galectin-3 gene contains an internal promoter located in the second intron of the gene. This is not specific to the human gene; 70% identity can be found between the second intron 2 of the human and rabbit genes. Preliminary experiments indicated that the rabbit gene contains also such a promoter activity in the corresponding intron (data not shown). These observations support the hypothesis of several independent promoter elements in the rabbit galectin-3 gene. Additional experiments will be performed to dissect more precisely the efficiency of these different regions in the total promoter activity of the gene.
Deletion vectors also revealed that sequences upstream of nt -7 increased largely the promoter activity when compared to the basal promoter activity. No significant difference could be detected in luciferase production for the vectors containing progressive deletions between positions -1427 and -7 . These results indicated that the potential regulatory elements found in this region of the 5'-flanking region of the rabbit galectin-3 gene, specifically Ap-2 and ApoE elements, were not essential for promoter activity. However, they did not exclude that these sequences are not involved in the modulation of the promoter activity of this region. The absence of positive effect of these elements in the deletion constructs could be the result of cell specificity. Our experiments were designed to study the expression of the rabbit galectin-3 gene in smooth muscle cells. It is possible that in this cell type, the activation of the gene is not related to these transcription factors. However, they may be necessary in other cell types. Particularly, the production of galectin-3 was found to be dramatically upregulated when monocytic cell lines were stimulated to differentiate by treatment with PMA (Cherayil et al, 1990; Nangia-Makker et al, 1995) . Similarly, the transcription of the human galectin-3 gene was upregulated during the differentiation of normal human monocytes into macrophages (Rouleux-Bonnin et al, 1995) . PMA, an activator of protein kinase C (PKC), is known to induce the expression of different genes. These genes may play a role in invasion and metastasis or during cell differentiation. They include proto-oncogenes such as sis, jun, myc, as well as the scavenger receptor gene or the M-CSF and the GM-CSF (reviewed by Pohl et al., 1988) . These genes are known to be activated by PMA via the Ap-1 and/or Ap-2 binding elements, which are responsible for the cis/trans activation of the promoters. The situation may be similar for the ApoE binding site. Deletion of this element has no effect on the level of promoter activity of the rabbit galectin-3 gene. This regulatory element located in the 5'-flanking region of the Apolipoprotein-E gene acts as an enhancer to activate the promoter activity of this gene during differentiation of monocytes in macrophages (Smith et al., 1988) . It is thus possible that the Ap-2 and ApoE binding elements in the 5'-flanking region of rabbit galectin-3 gene may act as important factors in the regulation of this gene during myeloid cells differentiation into macrophages as well as in various pathological disorders such as inflammation or tumorigenesis but not in activated smooth muscle cells.
The situation may be different for the potential Ap-1 and Ap-2 sites located further upstream between positions -1427 and -2459. Deletion of this sequence in the reporter vectors (compare plasmid pPG3dK and pPG3dA, Figure 5 ) produced a decrease in the promoter activity. This suggests that this sequence contains at least one positive regulatory element. The sequence further upstream position -2459 and restricted in a 1.5 kb BglU fragment (position about -4000 to -2540) was able to activate further the promoter activity, suggesting the presence of a second positive element.
Galectin-3 gene expression is modulated as a function of the replicative capacity of the cells and correlates with growth potential (Agrwal etal, 1989; Hamann etal., 1991; Voss et al., 1994) . In several cancer cell lines the upregulation of galectin-3 production is associated with tumorigenicity and/or acquisition of metastatic potential Irimura et al., 1991; Nangia-Makker etal, 1995; Shoeppneref al, 1995) . Oncogenic transformation induces enhanced production of galectin-3 (Lotan and Raz, 1988; Hebert and Monsigny, 1994) . These results suggest that galectin-3 expression is controlled by transcription factors altered or deregulated during tumorigenesis. The fact that cotransfection with an EJ/ras encoding plasmid activated the promoter activity of the galectin-3 gene strongly supported this hypothesis. Another frequent damage in human cancers is the loss of p53 function. We looked for a putative regulatory effect of wild-type and mutated p53 on galectin-3 promoter activity. Cotransfection with a plasmid encoding wild-type p53 induced a drastic decrease in promoter activity, whereas cotransfection with a plasmid encoding a mutated p53 elicited no effect This downregulation of rabbit galectin-3 promoter appeared to be specific for wild-type p53. Downregulation of promoter activity by p53 is mediated by direct interactions between p53 with TATA-binding protein (TBP) (Seto et al., 1992; Truant et al, 1993) , with CCAATbinding factor (CBF) (Agoff et al., 1993) or with transcription factor Spl (Perren et al., 1995) and possibly with other transcription factors. p53 could act in preventing their binding to the promoter. Because of the lack of TATA elements in the promoter of the galectin-3 gene, and the presence of Spl ele-ments, it is possible that p53-mediated down regulation of the promoter activity is mediated through these Spl elements. The results obtained after cotransfection of p53 encoding plasmid and the deletion vector support this hypothesis (plasmid pPG3dK, Figure 6D ). However, it may be possible that p53 interacts also with other sequences or transcription factors acting more upstream in the regulatory region because the modulation effect is more pronounced when the complete regulatory region is present (plasmid pPG35, Figure 6D ).
In light of these results, the presence of several consensus elements for known transcription factors and of a positive regulatory element could play an important role in the modulation of expression of the galectin-3 gene. Further characterization of these elements should allow to determine the cellular factors involved in this regulation during biological processes related to proliferation or differentiation.
Materials and methods
Restriction and modifications enzymes
All enzymes were purchased from Eurogentec (Seraing, Belgium) and used according to the specifications provided by the supplier.
Southern blot analysis
Twenty micrograms of total liver DNA was cleaved with BamHL, EcoRI, and BstXl. The digests were analyzed by 0.8% agarose gel electrophorcsis (FMC, Rockland, ME) and transferred to Hybond N + membrane (Amersham International pic, Bucks, UK) in 2x SSC (lx SSC is 0.15 M NaCl and 0.015 M sodium citrate). The blot was probed with the full length cDNA extracted from pRB41 (Gaudin et al, 1995) and 32 P-labeled by the oligonucleotide random priming method (Feinberg et al, 1983) . Filters were hybridized in 0.5 M NaH 2 PO 4 , 10 mg/ml BSA, 2 mM EDTA, 0.1 mg/ml herring sperm DNA, 70 mg/ml SDS at 67°C, and washed twice in 2x SSC, 5 mg/ml SDS for 20 min and finally in 0.5x SSC, 2 mg/ml SDS at 67°C for 20 min.
Genomic library screening
The genomic DNA library from rabbit kidney (strain 1HH51-2) resulted from partial digestion of DNA with Mbol and cloning into the BarntH site of cosmid pWE15 (Stratagene, La JoUa, CA). Bacteria (E.coli strain NM554) were screened by hybridization with the full-length rabbit galectin-3 cDNA as a probe under the conditions used for Southern blot analysis. Bacteria clones were isolated by three rounds of sequential screening. One clone, designated pGC22P, was chosen for further analysis.
Restriction mapping
The cosmid pGC22P was digested by Notl then partially digested with the enzymes EcoRI, BamHl, or Xbal. Samples were loaded in duplicate on 0.8% agarose gels and transferred to Hybond N + membranes in 0.4 N NaOH. Membranes were hybridized at 42°C with primers T7 and T3, which are located upstream and downstream from the insertion site in pWE15, respectively. Washings were performed in 6x SSC, 5 mg/ml SDS twice for 20 min at 42°C and in 2x SSC, 5 mg/ml SDS for 20 min at 42°C. The size of the hybridized fragments indicated the position of each site with regard to the Notl extremities of the insert.
pGC22P DNA was digested with EcoRI, BamHl, or Xbal, loaded on agarose gel and subjected to membrane transfer and hybridization with synthetic oligonucleotides using the conditions described above. These oligonucleotides were specific for each exon. Their sequences were chosen by comparison of rabbit and mouse galectin-3 cDNA. We hypothesized that the positions of the introns and exons, which are known in the murine gene (Gritzmacher et al, 1992) , were conserved between the two species. The hybridization signals enabled to locate each exon on the different restriction fragments of pPG22P. Their exact positions were checked by sequencing (see below). Synthetic oligonucleotides used were Gal-Ra24, 5'-GGACG TGCTC GCTCG CTA-3' (exon 1); Gal-Ral5, 5'-GAAAA TGGCG GATGG TTTTT-3' (exon 2); GalRa242, 5'-AGGTG GTCCT GGGGC CTACC-3' (exon 3); Gal-Ra376, 5'-TGCCT TATGA CCTGC CTCTG-3' (exon 4); Gal-Ra500, 5'-TTCCC CAGTT GTTAT CCAC-3' (exon 5); Gal-Ra634, 5'-TGCAA CAAGT GGGCA TCATT-3' (exon 6) ( Figure 2) .
Subcloning of the 5'-flanking region
EcoRI fragments obtained after complete digestion of pGC22P were subcloned into the EcoRI site of pCRU (Invitrogen, San Diego, CA), spotted onto membrane, treated with 0.4 N NaOH, and hybridized with the same oligonucleotides. One of these subclones of pGC22P hybridizing with Gal-Ra24 (a specific probe for exon 1) and containing about 10 kb of the 5'-flanking region of galectin-3 was designated p22E35 and used for sequencing and construction of reporter plasmids for promoter activity analysis (Figure 2 ). All sequencing reactions were performed on purified plasmid DNA by the dideoxytermination method using Sequenase 2.0 sequencing kit (Amersham International pic, Bucks, UK).
Construction of reporter plasmids
The HindlR-Pvull fragment of PCRU (Invitrogen, San Diego, CA) containing the multiple cloning site was introduced into the corresponding sites of pGEMLuc (Raimond et al, 1995) , producing the vector pMCS-Luc. This plasmid containing the promoter-free luciferase gene was used as negative control. The plasmid pPG3.5 was obtained by insertion, in direct orientation with respect to the luciferase gene, at the Spel site of pMCS-Luc, of a Nhel fragment isolated from p22E35 (Figure 2 ). This fragment contain about 4.5 kb of the 5'-flanking region of the rabbit galectin-3 gene restricted in its 3' part by 55 bp from the first exon (Gaudin et al, 1995) .
The plasmid pPG3.5R was obtained by insertion into pMCS-Luc, in a reverse orientation with respect to the luciferase gene, of the NheVBamHl fragment of p22E35 containing about 2.5 kb of the 5'-flanking region of the rabbit galectin-3 gene (Figure 2 ). Deleted vectors were constructed using several restriction enzymes ( Figure 5 ). pPG3dA, pPG3dB, pPG3dC, pPG3dJ, pPG3DK were obtained by internal deletions of Pstl, PvuTl, Apal, BamHl, and BgM restriction fragments, respectively. Another series of deletion constructs was prepared according to the protocol established by Henikoff (1984) . Briefly, pPG3.5 was digested with the restriction enzymes Smal and Apal. DNA was submitted to time limited digestion using exonuclease HI. The fragments obtained were blunt-ended by sequential treatment with SI nuclease and Klenow fragment of DNA polymerase and circularized with T4 DNA ligase. After transformation of E.coli DH5a (Gibco/BRL, Gaithersburg, MD), clones pPG3dD, pPG3dE, pPG3dF, and pPG3dG were selected and characterized by enzymatic sequencing.
Transfections and luciferase assays
The plasmids were extracted according to Birnboim and Doly (1979) , purified by centrifugation in cesium chloride gradient (Radloff et al, 1967) and transfected according to Midoux et al (1993) into Rb-1 rabbit VSMC. Briefly, 10* cells were incubated for 4 h in DMEM containing 100 (xM chloroquine, 5 u,g of pPG3.5 or deleted subclones or pBG-SV2 and 2 u.g of pSV-pGal plasmid DNA complexed with 17.5 u.g lactosylated poly-L-lysine. Cells were then maintained in fresh DMEM supplemented with 10% SVF for 48 h after transfection. Luciferase activity was assayed (Midoux et al., 1993) , using an automated luminometer (Berthold Lumat LB 9501, Colombes, France). Plasmid pSV-pGal (Promega Corp., Madison, WI) contained the (3-galactosidase gene under the control of SV40 promoter and enhancer elements. This plasmid was used as an internal standard control of transfection efficiency and reproducibility. P-Galactosidase activity was assayed according to Jain and Magrath (1991) : 50 u.1 of a 3 mM memyl-umbelliferyl-P-D-galactopyranoside (MUG) solution was added to 5 uj of the luciferase assay lysis surfactant (200 u.1 total) in 145 (xl of reaction buffer (100 mM sodium phosphate pH 7.0/1 mM CaClJ in a 96-well flat-bottom plate. After the plate was incubated for 1 h at 37°C, the reaction was terminated by the addition of stop buffer (100 u.1 of 300 mM glycine, 15 mM EDTA, pH 11.5) Fluorescence was measured in a 96-well fluorometer (Fluoroskan E, Flow Laboratories, Bioggio, Switzerland) with an excitation filter at 355 nm and an emission filter at 460 mm. A positive control for luciferase expression was used in all experiments by transfection with pSV2-Luc, a plasmid in which the luciferase gene is driven by the SV40 early promoter (Brasier et al, 1989) .
Modulation of the activity of the rabbit galectin-3 gene promoter by EJ/ras and p53 was assayed by cotransfection experiments. Five micrograms of pPG3.5 and 5 u.g pEJras (Tabin et al, 1982) or pGEMHZf(-) (Promega Corp., Madison, WI) were cotransfected under the same experimental conditions as above. pEJras encodes EJ/ras, an active mutated form of c-Ha-ras. Five micrograms of pPG3.5 and 10 ng of pGEMl lZf(-) or p53SN3 or p53SCX3 were cotransfected. These two last vectors encode for wild-type or mutated p53, respectively (Baker et al., 1990) . In a control experiment, 5 u,g of pUT650 plasmid (CAYLA, Toulouse, France) containing the luciferase gene under the control of the CMV promoter was cotransfected with 10 ng of pGEMl lZ(f-) or p53SN3 or p53SCX3. The modulation of the rabbit galectin-3 promoter activity by p53 was also tested in the same conditions as above except that pPG3.5 was replaced by pPG3dC, pPG3dF, or pPG3dG.
PMA induction
Rb-1 cells were transfected, as above, with 5 u.g of plasmids pPG3.5 or pRET-Luc. pRET-Luc contains the luciferase reporter gene under the control of human phosphoglycerate kinase 1 (PGK-1) promoter. Stable clones were selected on the basis of their resistance to G418 (Gibco/BRL, Gaithersburg, MD) and luciferase activity. Clones RbP-Luc7 and L2D were obtained upon transfection with pPG3.5 and pRET-Luc, respectively. Cells were incubated in the presence of 25 nM PMA and 0.1 % ethanol diluted from a solution prepared in distilled ethanol. Control cultures were supplemented with 0.1% ethanol. Luciferase activity were assayed after 24 h of treatment.
